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[Following  is  a  translation  of  an  article  by 
0«  Fe  MaParchenfeo,  Mo  Pc  Slrotlna,  and  R«  S« 
Zlatin  in  Pizlologichnyy  Zhitrnal  (Physiology 
Joiirnal),  Vol.  \%  NOo  6,  1959,  pages  769- 
773*] 

The  Inst3.tnte  of  Physiology  Imeni  0*  0,  Bogoffio- 
lets  of  the  Academy  of  Sciences  Ukrainian  SSR 


The  problem  of  the  influence  of  chronic  irradia¬ 
tion  of  animals  with  small  doses  of  ionizing  radiation  on 
the  functional  status  of  the  organs  and  systems  of  organs 
is  of  great  theoretical  and  practical  Importance*  Conside¬ 
rable  interest  is  aroused  by  studies  of  the  influence ^of 
so-called  maximum  permissible  doses,  which  still  reciuire 
establislment  of  the  necessary  physiological  foundation. 
This  has  been  caused  by  the  extensive  use  of  atomic 
energy  for  peaceful  purposes ,  and  also  by  the  increase 
of  the  natu37al  background  of  radiation  in  recent  times. 

In  conriection  with  this  circumstance,  we  have 
studied  the  changes  in  the  morphologic  composition  of 
the  peripheral  blood  in  dogs  with  previously  known  typo¬ 
logical  features  of  higher  nervous  activity  under  the  in¬ 
fluence  of  chronic  irradiation  with  small,  maximum  per¬ 
missible  doses  of  gamma-rays  from  radioactive  cobalt 
(Co^®).  We  have  also  studied  changes  in  the  higher  ner¬ 
vous  activity.  ( Makar chei-^so  and  Zlatln,  1959 )» 

We  carried  out  complete  hematologic  studiess  de- 
jterminations  of  the  percentage  composition  of  hemoglobin^J 
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'  erythrocyte  coimts.  determinations  of  the  absolute  mo3i“ 
bers  of  neutropbylic  leukocytes,  lymphocytes ,  eosinophils, 
and  monocytes.'  an.d  a  determination  of  the  ESE*  The  animals 
were  exposed  to  total,  irradiation  daily  except  Sundays  for 
a  period  of  six  years c  The  daily  dose  was  0«05  ro 


Under  observation  we  had  seven  dogs,  from  which 
-  we  drew  blood  several  times  over  a  period  or  more  than  a 
yeaf*  in  order  to  determine  the  baseline  h^atologlc  norms. 
Subsequently,  four  dogs  (Tuzlk,  Metis,  Uzhul’bars,  and 
Ryabchllc)  viere  exposed  to  chronic  irradiation  (in  this 
article  we  are  presenting  the  resialts  of  irradiation  over 
a  period  of  a  year).  The  other  three  dogs  (Erik,  Byel*chik, 
and  Mak)  served  as  controls.  The  conditions  of  maintenance, 
feeding,  and  the  like  were  identical  for  the  experimental 
and  the  control  dogs* 


The  experimental  dogs  were  characterized  by  the 
followings  Metis  -  a  male,  mixture  of  shepherd  and  mastiff, 
was  six  years  of  age  and  weighed  2?  kg.  This  dog  was  of  the 
strong  type  of  nervous  activity  with  predominance  of  the 
stimulatory  over  the  inhibitory  process*  Tuzik  -  a  male, 
mixture  of  mastiff  and  greyhound,  was  five  years  of  age, 
weighed  26  kg,  and  v/as  of  the  strong,  unequilibrated  type. 
Dzhul*bars  -"a  mal-e,  mastiff,  was' seven  years  of  age, 
weighed  2?  kg,  and  was  of  the  intermedia.te  type  of  ner» 
vous  activity,  with  predominance  of  the  stimulatory  over 
the  .iniiibitory  proeessc  Ryabchik  -  a  male,  mastiff,  was  ten 
or  eleven  years  of  age,  weighed  21  kg,  ana  was  of  the  weak 
type. 

The  control  dogs  were  characterized  by  the  follo¬ 
wings  ErilJ  »  a  male,  mastiff,  was  3.5  to  four  years  of  age, 
weighed  23  kg,  and  was  of  the  strong,  unequilibrated  type. 
Byei'chik  -  a  ma3.e,  mastiff,  ?m.s  ten  or  eleven  years  of 
age,  weighed  11  kg,  and  was  of  the  intermediate  type.  Mak  « 
a  Ruile,  shepherd,  was  seven  years  of  age,  weighed  26  kg, 
and  was  of  the  weak  type  of  higher  nervous  activity. 


Studies  have  recently  appeared  in  the  literature 
in  xa/hlch  reports  are  presented  on  changes  in  the  morpholo¬ 
gic  composition  of  the  blood  in,  persons  exposed  during  their 
daily  work  to  the  chronic  influence  of  small  doses  of  ionl- 
Ki.n,g  radiation  (Pateyeva,  1955|  Morozov,  1957|  Kuznetsov, 
1957|  Kovnats^kyy,  13%i  Kozlova,  19575  Ban31in,  1958,  j 
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Fkarter^  1952?  and  others)#  It  shoijld  be  noted  that,  In 
the  majority'of  these  studies,  there  were  no  baseline 
hematologic  data  prior  to  exposure  to  radiation,  the  dor¬ 
ses  of  radiation  were  not  expressed  precisely,  and  other 
hematologic  diseases  of  a  chronic  natitre  were  not  always 
excluded*  although  these  are  strongly  reflected  in  the 
composition  of  the  blood. 


Zigjt-l.f..  Changes  in  the  erythrocyte  count, 

The  upper  part  of  the  drav/lng  refers  to  the 
control  dogs,  the  lower  part  to  the  sjcperimen* 
tal  dogs.  The  horizontal  scale  represents  months 
of  irradiation,  the  vertical  scale  the  erythro- 
cybe  count  in  millions,  Ctirve  1  is  dog  Erik,  2 
is  dog  Kak,  3  is  dog  Byel’chik,  4  is  Dzhul*bars5 
5  is  Metis,  6  is  Eyabchtk,  ?  Is  Tuzik.  Arrow  in¬ 
dicates  the  onset  of  irradiation. 


Experijnental  findings  showing  the  course  of  the 
changes  in  the  blood  in  healthy  animals  upon  exposure  to 
precise  doses  of  radiation  are  relatively  sparse  in  the 
literature,  Byeloborodova  and  Baramva  ( 19 57 )«  during  a 
period  of  internal  irradiation  of  rabbits  with  small  do- 
ses  of  radioactive  cesium  (10,6  microcurles/kg),  demoii- 
st rated  a  number  of  symptoms  which  testify  to  the  pre¬ 
sence  of  early  forms  of  disruption  in  hematopoiesis. 

Ihese  same  authors  studied  disttsrbances  in  the  lymphatic 
system  and  in  erythropolesis  during  a  two-year  daily  admi- 
filstration  to  rabbits  of  radloacti've  ruthenium  in  doses  — 
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^of  3o9  microctii^ies/kg  *  Signif leant  disturba-ncas  in  the 
blood  systeta  were  deBioastrated  by  Byeloborodoya  and  Bru?a« 
noTa  (19>7)  upon  adialnlstratiOE  of  relat5,Yely  small  dosss 
of  strontlma  C2«6f3  micim-aries/kg)®  It  should  bs  poinl;ed 
out  that  the  authors  obserTecl  death  in  a  high  Kamber  of 
the  animsis  exposed  to  prolonged  irracliatlon  with  Er'-'l 
(36  months  )|  and  syst  elastic  ally  stiiidied  the  peripheral  2_ 

^  blood|  sliowlng  that  signs  of  disordered  hemsiopoiesls 
appear  $Xi  a  regti3.ar  sequences  during  the  early  period  of 
the  studies  i'lX  to  12  months  )j  there  is  great,  lability 
in  the  bloc.4  indices*  andg  in  the  later  pericsd  (11  to  24 
months  the^re  is  deteriorations, 

Tepy  intesrestlng  are  the  findings  of  lapteTa"* 

Popova  (195‘7f  1958)  whOj  for  a  period  of  five  years^  ob«* 
served  changes  in  the  bone  marrow  and  peripliera.1  blood  in 
a  group  of  dogs  which  viere  systeraatically  irradiated  with 
X-rays  In.  doses  of  five  to  ten  X'«  This  author  reports  a 
marked  d?Lsturbance  in  the  com-positlon  of  the  blood j  along 
with  the  ardergence  of  leukoses  In  a  iramber  of  5jiiStanoes« 

The  duration  of  flies e  experiments  enabled  Lapteva**Po|Kiya 
to  divide  the  reaction  of  the  hematopoietic  system  into 
a  series  of  periods?  (a)  lability  of  the  hematopoi€itic 
functions*  (b)  suppression  of  these  fujictions.  (c)  tempo¬ 
rary  adaptation  to  the  lujujiiloiis  factor^  and  (d)  ter-miiml 
period,.  The  duration  and  sequence  of  the  periods j  the  au¬ 
thor  points  out|  are  closely  connected  with  the  sise  of  the. 
close  of  radiationj  the  j.ndivlAual  peculiarities  of  the  an.i- 
malSj  and  their  resistance® 

Findings  on  chaiiges  in  the  composition  of  the 
blood  upon  chronic  expos'^e  to  ionising  radiation^,  with 
aecourit  "bejlng  tak:.e.n  of  the  type  o.f  higher  nervous  act:lvity 
of  ©JilaalSj  have  not  been  discovered  in  the  literature  at 
oirr  disposal® 


Oar  first  studies  were  performed.  I'j*  days  after  the 
onset  of  Irradiation®  Lstes'j  every  iao,nth|  counting  from,  the 
day  a.fter  the  onset  of  exposure  to  lonlJsing  radiation^,  we 
drew  blood  fo3?  complete  hematologic  analysis®  At  these  ti¬ 
mes  ^  studies  of  hematologic  indices  of  the  control  aritoals 
■were  also  niacle  for  compar&tivo  purposes. 

Two  weeks  after  the  onset  of  Irradlationj  we  obser¬ 
ved  the  appefirance  of  a  marked  react  ioxij  in  the  form  of  j 
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3t,  Changes  in  the  thrombocyte  coimts. 

Vertical  scale  represents  the  number  o?  thrombo¬ 
cytes  In  thousands.  The  other  designations  are 
the  same  as  In  Fig.  1* 


A  month  after  the  onset  of  irradiation,  all  ani¬ 
mals  except  Ryabchik  (the  wealc  type)  exhibited  a  marked 
reduction  in  the  ersrthrocyte  count .  By  the  end  of  the 
second  or  third  month,  the  erythrocyte  counts  reverted  to 
their  original  levels 5  furtherrore,  by  the  fifth  month  the 
erythrocyte  counts  in  all  of  the  experimental  animal-S  had 
increased  above  the  original,  levels »  The  comts  remained 
at  this  elevated  level  for  a  period  of  four  to  five  months. 
The  increase  in  the  erythrocyte  counts  was  not  accompanied 
by  a  proportionate  increase  in  the  percentage  of  heicoglobin, 
which  apparently  testifies  to  the  entry  Into  the  circula¬ 
ting  blood,  of  erythrocytes  which  were  less  than  saturated 
with  hemoglobin*  Changes  in  the  erythrocyte  content  of  the 
blood  of  control  dogs  throughout  the  course  of  the  year 
were  not  regular* 

The  red  marrow  during  the  first  month  after  onset 
of  irradiation  gave  evidence  of  stimulation  -  in  the  peri¬ 
pheral  blood  there  were  numbers  of  young  cells  of  the  red 
|Cell  series  -  reticulocytes  (Fig*  2;.  The  reaction  was  j 
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I  especially  marked  in  dog  Metis  -  the  strongj  relatively 
.  equilibrated  type.  From  the  fifth  to  the  ninth  month  - 
the  period  of  marked  increase  in  the  erythrocyte  level  of 
the  blood  -  the  retictfLocyte  counts  declined.  In  two  of 
the  control  dogs  (Byel*chlk,  Mak),  there  was  a  certain  in¬ 
crease  ill  the  reticulocyte  count  in  the  first  two  months, 
but  later,  in  all  three  of  the  control  animals  (Byel^chiK, 
-  Mak,  and  Erik:),  the  changes  in  the  reticislocyte  counts 
were  irregular. 


Tery  interesting  and  striking  were  the  changes 
observed  with  respect  to  the  thrombocyte  counts  (Fig,  3), 

In  all  dogs,  a  month  after  the  onset  of  radiation,  there 
was  an  increase  In  the  thrombocyte  count s|  during  the 
period  from  the  second  to  the  fifth  month,  the  changes 
exhibited  a  fluctuant  character.  Beginning  v/ith  the  f3.fth 
month,  and  continuing  to  the  tenth,  an  increase  in  the 
thrombocyte  counts  was  observed  in  three  irradiated  dogs 
Tuzik,  Metis,'  and  D2;hul*bars),  The  magnitude  of  the  in¬ 
crease  in  the  thrombocyte  counts  varied  from  121  thousand 
to  276  thousand  per  cu  mm.  An  exception  to  thin  was  seen 
in  Ryabchik  «  the  dog  of  the  weak  type  of  nervous  activity, 
in  which,  after  a  transitory  increase  in  the  thrombocyte 
counts,  there  was  a  gradual  but  regular  decline  in  the  le¬ 
vel  of  these  cells  by  the  end  of  the  first  month.  In  two 
of  the  control  dogs,  during  the  first  four  months,  there 
was  a  slight  increase  in  the  thrombocyte  counts,  whereas 
later,  in.  all  three  animals,  the  thrombocyte  counts  remai¬ 
ned  ax  the  same  level. 


The  content  of  leiikocytes  in  the  blood  of  the  ir¬ 
radiated  anim,als  during  the  course  of  the  year  exhibited 
a  marked  labiJ^ity,  v/ith  a  tendency  to  reduction,  being 
especially  pronounced  in  the  dogs  of  the  strong  type  (Tu- 
zik  and  Metis)  (P3,go  4),  Ixi  the  control  dogs,  however, 
during  the  course  of  11  to  12  months,  in  the  presence  of 
a  regular  fluctuation  to  the  changes,  there  was  a  certain 
increase  to  the  leucocyte  counts.  These  reductions  of  leu- 
koci^te  counts  in  experimental  animals  of  the  strong  type 
are  due  to  reductions  to  the  numbers  of  neutrophils  and, 
partially,  of  lymphocytes.  Regular  changes  were  not  seen 
in  the  absolute  numbers  of  monocytes,  basophils,  and  eosi¬ 
nophils  either  to  the  irradiated  or  in  the  control  dogs. 
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Fig«  .4*  Changes  in  the  leukocyte  counts. 

Vertical  scale  represents  the  leukocyte  coimts 
in  thousands*  The  other  de.signattoiis  are  the 
same  as  in  Fig.  1. 


¥e  saw  no  degenerative  changes  in  the  cells  of 
wither  the  T/hite  or  red  blood  throughout  the  entire  i^iKie 
of  our  investigation* 


Conclasioai 

(1)  Systematic  observations  of  the  morphologic  com¬ 
position  of  the  blood  duririg  the  period  of  & 

sublected  to  total  external  li'radiatlon  wi^  f®®!! 
of  gatsma-rays  from  radioactive  cobalt,  indicate  that  the 
changes  in  the  hematologic  indices  are  chtiracterlzed  by 
great  lability* 

(2)  Especially  pronounced  was  the  polycythemic  re¬ 

action  which  was  seen  in  the  majority  of  the  investlgat^.d 
animals  during  the  period  from  the  fifth  to  the  ninth  month 
after  onset  of  radlatlono  At  these  same  times,  there  was  a 
marked  increase  in  the  number  of  thrombocytes*  j 
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(3)  Ih®  I’esidts  of  our  observations  afford  us 
some  basis  for  assuming  that  in.  aiiiffi8.3,s  of  the  strong 
type  of  highex*  nervous  ’  activity 5  du3:ing  certain  periods 
of  exposure  to  penetrating  radiation,  changes  in  the  mor“ 
phologic  composition  of  the  blood  are  different  from  those 
seen  in  anSjaals  of  the  weak  type, 

(4)  Dui'ing  the  course  of  the  year  Yie  did  not  see 
any  degenerative  changes  in  the  morphologic  components  of 
the  peripheral  blood  in  our  experimental  animals. 
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